
Systematic Review / Meta-analysis

“Impact of Vitamin C on Plasma Levels of Lipoprotein(a), Interleukin-6, and 
Fibrinolytic Activity” : A systematic review

Chetan Sharma , Dr. Claire Williams
University of Sheffield, Vitamin C and Atherosclerosis, United Kingdom

A R T I C L E  I N F O

Keywords:
Atherosclerosis
Ascorbic acid
Interleukin-6
Plasminogen
Lipoprotein(a)
Apolipoprotein(a)

A B S T R A C T

Ischemic heart disease remains a leading cause of global mortality, primarily attributed to atherosclerosis- 
induced blockage in the coronary arteries. A key contributor to atherosclerosis is the accumulation of lipopro
tein(a), which functions akin to vitamin C in vascular matrix healing. Elevated lipoprotein(a) levels correlate 
with increased Interleukin-6 (IL-6) and reduced fibrinolytic activities, further exacerbating atherosclerosis. This 
review aims to elucidate whether vitamin C supplementation mitigates lipoprotein(a) levels, and IL-6 expression, 
and enhances fibrinolytic activities in both humans (CAD patients, type 2 diabetic patients, and healthy adults) 
and animal models ( sepsis model of rats, transgenic mice, and wild type rats). A systematic search of Pubmed, 
Cochrane Library, and Google Scholar databases was conducted up to December 31, 2022, employing predefined 
selection criteria and a comprehensive search strategy. Of the 539 articles identified, 11 met the inclusion 
criteria, comprising 4 animal and 7 human studies. Animal trials demonstrated favorable outcomes with vitamin 
C supplementation, showing reductions in plasma lipoprotein(a) levels and decreased aortic accumulation of lp 
(a). Additionally, animals supplemented with vitamin C exhibited lower IL-6 production and enhanced fibri
nolysis. Conversely, human studies reported no significant change in plasma lipoprotein(a) levels post-vitamin C 
supplementation (doses ranging from 500 mg to 4500 mg/day) in coronary artery disease (CAD) and healthy 
cohorts. However, supplementation did reduce serum IL-6 levels and increase fibrinolytic activities in both CAD 
and diabetic patients at doses between 1000 mg and 2000 mg of ascorbic acid. Vitamin C deficiency is prevalent 
among atherosclerosis patients, prompting lipoprotein(a) accumulation to counter intravascular scurvy in the 
absence of ascorbic acid. This review underscores the positive effects of vitamin C on atherosclerosis-associated 
factors, including lipoprotein(a), IL-6, and fibrinolytic activities. Optimal benefits are observed within the range 
of 1000 mg to 2000 mg/day, with higher doses conferring no additional advantages.

Introduction

Ischemic heart disease stands as a leading cause of mortality glob
ally, stemming from the narrowing of coronary arteries or the formation 
of atherosclerotic plaques, a process persisting throughout life and 
claiming millions of lives annually. In the United States alone, coronary 
artery disease (CAD) claims approximately 370,000 lives each year. 
Notably, atherosclerotic plaque rupture triggers 75 % of ischemic heart 
attacks, with the highest incidence observed in individuals over the age 
of 45 for men and 50 for women [1,2].

The genesis of atherosclerotic plaques occurs when the endothelial 
linings of arteries sustain damage. Particularly critical is endothelial cell 
dysfunction at arterial curves and branches, where low shear stress and 
dispersed plasma flow prevail, facilitating plaque formation, see Fig. 1
[3,4,9]. These regions comprise both atherosclerotic susceptible and 

resistant areas within the endothelial wall [5]. In regions sensitive to 
atherosclerosis, endothelial cells exhibit a thin glycocalyx layer, 
cuboidal shape, and disorganized alignment [6]. Conversely, high 
laminar shear stress in resistant zones triggers the upregulation of 
Kruppel-like factors 2 and 4, leading to increased expression of endo
thelial nitric oxide synthase (eNOS) and thrombomodulin synthesis [7]. 
This serves as a deterrent to atherogenic lipoprotein detention. How
ever, areas characterized by low levels of eNOS and superoxide dis
mutase are prone to atherogenic lipoprotein accumulation [8].

Atherosclerosis and lipoproteins containing apolipoprotein-B: 
ApoB-accommodating lipoproteins, including lipoprotein(a) (Lp(a)), 
LDL, VLDL, and IDL, are closely associated with the development of 
atherosclerosis. These atherogenic lipoproteins, characterized by their 
outer layer composed of ApoB, contribute significantly to the progres
sion of atherosclerosis [10].
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In regions of the vasculature prone to atherosclerosis, where laminar 
flow is poor and shear stress is low, humoral and parietal stimuli may 
further promote atherogenesis [10]. ApoB-containing lipoproteins can 
penetrate the endothelial lining at these susceptible sites and infiltrate 
the intima space. Here, they become trapped due to interactions be
tween positively charged residues such as arginine and lysine on ApoB 
and negatively charged sulfate groups on endothelial proteoglycans 
[11]. Once entrapped in the endothelial matrix, apoB-containing lipo
proteins initiate a cascade of biochemical reactions, attracting macro
phages, platelets, oxidized lipids, and cytokines to form atherosclerotic 
plaques [12]. Among these apoB-containing lipoproteins, Lp(a) holds 
particular significance in atherosclerosis progression [13].

Lipoprotein(a), discovered by Norwegian doctor Kre Berg in 1963, 
shares structural similarities with fibrinogen and plasminogen [14]. It is 
well-established for its role in thrombosis and atherosclerosis patho
genesis. Lp(a) contributes to atherosclerosis progression through various 
mechanisms, including the induction of endothelial cell adhesion 
molecule-1 and E-selectin expression in susceptible endothelial cells. 
Additionally, Lp(a) promotes the proliferation of peripheral plasma 
mononuclear cells in vessels and acts as a pro-inflammatory molecule 
via its oxidized phospholipids [15]. High levels of apo(a) in athero
sclerotic plaque stains further underscore the significant deposition of 
Lp(a) in plaques [16]. Recent findings have linked Lp(a) levels 
exceeding 50 mg/dl to a 60 % increased risk of atherosclerosis devel
opment, independent of LDL-cholesterol levels, according to data from 
the Multi-Ethnic Study of Atherosclerosis (MESA) [17].

Table 1, 2, 3.
Vitamin C and Atherosclerosis: Vitamin C protects the vasculature 

from free radicals and aids metabolism and immunity. Since it donates 
electrons and is structurally similar to glucose (see Fig. 2 and Fig. 3).

Previous research has indicated a strong correlation between vitamin 
C deficiency and hypertension, which is a significant risk factor for the 
development of intimal capillary hemorrhage and plaque formation 
[18]. Dr. G.C. Willis further investigated this link using guinea pigs and 
confirmed Paterson’s findings, demonstrating that vitamin C deficiency 
is indeed associated with atherosclerosis [19]. Willis also highlighted 
that the location of atherosclerosis depends on the mechanical pressure 
exerted on the artery walls, influenced by factors such as blood pressure, 
tissue pressure, artery curvature, and arterial fixation [20]. In a subse
quent clinical study conducted in 1954, Willis administered three daily 
doses of 500 mg of vitamin C orally to participants and observed a 
reduction in atherosclerotic plaques in individuals, suggesting a poten
tial therapeutic effect of vitamin C in treating atherosclerosis [21].

Further investigation revealed that vitamin C deficiency can lead to 
increased activity of HMG-CoA reductase, resulting in elevated 

cholesterol production [22]. Conversely, high levels of vitamin C act as a 
natural statin, reducing the activity of HMG-CoA reductase and thereby 
lowering cholesterol synthesis [23].

Moreover, vitamin C deficiency has been associated with a higher 
risk of atherosclerotic progression due to increased oxidation of LDL-C in 
the presence of low plasma ascorbate levels. Additionally, low vitamin C 
status is linked to decreased plasminogen activation, resulting in lower 
fibrinolytic activity [24]. Reduced vitamin C levels also contribute to 
endothelial dysfunction, leading to enhanced adhesion and migration of 
monocytes to the arterial wall. Vitamin C is essential for collagen for
mation, a critical component of the arterial wall matrix. Its deficiency 
can impair collagen synthesis, weakening the arterial wall and facili
tating monocyte adhesion and migration, thereby increasing the pro
duction of inflammatory markers such as IL-6 [25].

Vitamin C and Lipoprotein(a): Humans ceased producing vitamin 
C 60 million years ago when the gulonolactone oxidase enzyme stopped 
being produced in humans, which is a crucial enzyme used to convert 
glucose to ascorbate in humans [26]. Scientists Matthias Rath and Linus 
Pauling proposed a hypothesis that states that lipoprotein(a) acts as a 
surrogate for ascorbate. They hypothesized that lp(a) aims to safeguard 
the vascular wall integrity in vitamin C deficiency by depositing itself on 
the vasculature. Vascular deposition of lp(a) can prevent micro
hemorrhages from scurvy [27]. It has been evident that prolonged 
nutritional scarcity of ascorbic acid makes lipoprotein(a) do its work and 
lp(a) starts to behave as ascorbate and helps wound healing at the 
intravascular level by depositing itself on the vascular matrix which 
further initiates the development of atherosclerotic plaques on endo
thelium wall [28].

Role of Lp(a) In Atherosclerosis: Although the precise role of li
poprotein(a) (lp(a)) in atherosclerosis remains elusive, elevated serum 
levels have consistently been associated with coronary atherosclerosis 
(CAD), suggesting its potential involvement in disease pathogenesis. 
Several mechanisms have been proposed to explain lp(a)’s contribution 
to atherosclerosis.

One proposed mechanism suggests that lp(a) is directly deposited at 
the arterial walls of atherosclerotic susceptible regions. Scavenger re
ceptors fasten the absorption of lp(a) into the macrophages because lp(a) 
is more probable to be oxidized than LDL [30]. Another possible 
mechanism is related to the inverse correlation between the lp(a) level 
and the vascular reactivity. In this mechanism, elevated plasma lp(a) can 
result in endothelial dysfunction [31]. Lp(a) contains all the 
pro-atherogenic characteristics of LDL-cholesterol but in addition to 
that, it contains apo(a), a phospholipid sink that facilitates lp(a)’s 
pro-atherogenic capabilities, particularly its inflammatory features 
[32].

Fig. 1. Low laminar plasma shear stress around curves causes atherogenesis in endothelial cells.
Source: Cunningham et al. [86].
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Another critical mechanism involves the impairment of fibrinolytic 
activities induced by higher lp(a) levels. Fibrinolysis, essential for clot 
dissolution, is hindered when lp(a) inhibits plasminogen activation. Apo 
(a) competes with plasminogen for binding sites on fibrin, diminishing 
plasmin formation and hindering the attachment of plasmin to fibrin. 
Additionally, lp(a) reduces the activity of tissue plasminogen activator, 

further impeding the conversion of plasminogen to plasmin [24].
Overall, lp(a) plays a multifaceted role in atherosclerosis, involving 

its deposition in arterial walls, promotion of endothelial dysfunction, 
exacerbation of inflammation, and impairment of fibrinolysis. These 
mechanisms collectively contribute to lp(a)’s pro-atherogenic properties 
and its association with CAD.

Role of other factors in Atherosclerosis associated with Lp(a): 
An inflammatory signal called Interleukin-6 (IL-6) and poor fibrinolysis 
are two of the many important variables that contribute to the formation 
and propagation of atherosclerotic plaques associated with lp(a).

Table 1 
Literature Summary Table.

Author/ year Sample 
species

Type of 
Study

Intervention Dose/route Patient/ 
population

Control Findings

Jenner et al. [61], 
1999

Human RCT Vitamin C 1 g/oral 101 Healthy 
adults

Placebo No change in serum lp(a) conc.

Boston AG et al. 
[62], 1995

Human RCT Vitamin C 4.5 g/oral 44 CAD Placebo Plasma lp(a) levels were not altered.

C.Antonia des et al. 
[63], 2003

Human RCT Vitamin C 2 g/oral 37 T2DM/CAD no-antioxi Dant No change in serum IL-6 levels

Mohammed et al. 
[64], 2015

Human RCT Vitamin C 1 g/oral 64 hypertensi 
ve/ T2DM

No supplem-e 
ntation

Significant reduction in serum IL-6 levels

C.Antonia des et al. 
[63], 2003

Human RCT Vitamin C 2 g/oral 39 T2DM/CAD No antioxida nt Decrease in plasma fV and tPA. No change in protein S, 
protein C, fVII, ATIII and PAI-1.

AK Bordia et al. 
[65], 1980

Human Clinical 
trial

Vitamin C 1 g and 2 g 
oral

80 CAD placebo Significant dose-response increase in fibrinolytic 
activities.

DK Paliwal et al. 
[66], 1978

Human RCT Vitamin C 1 g and 2 g 
oral

40 healthy/CAD Placebo Significant increase in fibrinolysis

Gary P Van Guilder 
et al. [67], 2008

Human Clinical 
trial

Vitamin C 500 mg oral 17 obese No treatment Increase in endothelial tPA release but no change in 
arterial or venous tPA antigen.

John Cha et al. 
[68], 2015

Animal RCT Vitamin C 2.75 mg 
oral

Gulo-/-:lp(a)+
transgenic mice

0.15 mg and 0.30 
mg vitamin C

lp(a) deposits were found in atherosclerotic plaques in 
hypo ascorbic mice but no plaques were found in 
vitamin C supplementation mice.

M.Rath et al. [69], 
1990

Animal RCT Vitamin C 40 mg/kg 
oral

Guinea pigs No vitamin C Vitamin C supplementing pigs do not have 
atherosclerotic plaques but low vitamin c pigs do 
develop plaques and lp(a) deposited in them.

Ningzhang et al. 
[70], 2021

Animal Clinical 
trial

Vitamin C Unknown 
oral

Septic rats bradykinin Vitamin C reduced serum IL-6.

Hyejung et al. [71], 
2022

Animal Clinical 
trial

Vitamin C unknown/I. 
P

Acute colitis 
mouse

No treatment Vitamin C reduces IL-6 production"

Table 2 
For each characteristic in the SYRCLE risk of bias tool, this table displays the corresponding risk of bias assessment markers.

John et al. [68] M.Rath et al. 
[69]

Ning Zhang et al. 
[70]

Hyejung et al. 
[71]

Selection Bias Sequence generation@@@@Baseline 
characteristics@@@@Allocation concealment

+@@@@. 
@@@@.

+@@@@. 
@@@@.

+@@@@. 
@@@@.

?@@@@. 
@@@@.

Performance bias Random housing@@@@Blinding –@@@@? –@@@@. +@@@@? –@@@@N.A
Detection bias Random outcome assessment@@@@Blinding +@@@@N.A ?@@@@? +@@@@N.A +@@@@N.A
Attribution bias Incomplete outcome data . . . .
Reporting bias Selective outcome reporting + + + +

Other types of 
bias

​ . . . .

(-)shows a significant possibility of prejudice, (+) denotes a minimal possibility of bias, Uncertain bias risk is indicated by (?). (N.A) represents not applicable.

Table 3 
Clinical changes in treatment and control groups before and after giving each 
group 1 g of vitamin C daily.

Characteristic Vitamin C 
(n = 31) 
(Before)

Vitamin C 
(n = 31) 
(After)

Control (n 
= 33) 
(Before)

Control (n 
= 33) 
(After)

P- 
value

hs-CRP (mg/ 
L)

14.8 ± 9.2 7.7 ± 4.5 * 14.50 ±
14.26

11.81 ±
7.33

0.01 
**

IL-6 (pg/mL) 2.20 ±
0.75

1.4 ± 0.5 * 1.95 ±
0.75

2.01 ±
0.87

0.001 
**

TC (mg/dL) 207.7 ±
36.2

196.5 ±
33.9

211.03 ±
39.04

213.4 ±
38.7

0.071

TG (mg/dL) 223.8 ±
87.8

155.10 ±
48.12 *

202.91 ±
107.00

183.45 ±
95.82 *

0.138

Source: Mohammed et al. [64].
* Significant change observed at p = 0.05 (2-tailed paired sample t-test).
** Significant difference observed at p < 0.001 (2-tailed independent sample t- 

test).

Fig. 2. The structural similarities between glucose molecules and ascorbic acid.
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The link between lp(a) and IL-6: The presence of a class II IL-6 
response element (CTGGGA) in the LPA gene, known to enhance apo 
(a) production, underscores the direct relationship between lipoprotein 
(a) (lp(a)) and interleukin-6 (IL-6) [33]. Numerous investigations have 
highlighted the association between increased lp(a) levels and IL-6 
during acute phase responses [34,35]. A genetic analysis involving 
2331 subjects revealed a correlation between a single nucleotide poly
morphism (SNP) in the IL-6 gene (− 174 G/C) and baseline lp(a) con
centrations [36].

Moreover, Muller et al. [37]. demonstrated a significant correlation 
between LPA gene expression and IL-6-mediated acute phase response 
biomarkers, such as C4b binding protein and complement C9, through 
liver biopsy analysis in 57 subjects. Subsequent experimentation 
involving the incubation of human hepatocytes with IL-6 resulted in a 
notable upregulation of hepatic LPA gene expression at both protein and 
mRNA levels. Further supporting this relationship, incubation of hepa
tocytes with tocilizumab, a monoclonal antibody targeting IL-6 re
ceptors, led to a reduction in apo(a) protein levels and downregulation 
of LPA mRNA expression, consequently lowering lp(a) concentrations 
[37].

Role of IL-6 in atherosclerosis: IL-6 plays a pivotal role in the 
progression of atherosclerosis by influencing various cellular and mo
lecular pathways. One crucial aspect is its impact on the activation and 
proliferation of T-cells, which play a central role in driving immune 
responses against peptide epitopes associated with atherosclerosis, 
including those derived from apolipoprotein B, a component of lipo
protein(a) [38,39].

Furthermore, IL-6 induces the synthesis of acute-phase proteins in 
hepatocytes, such as C-reactive protein (CRP) and amyloid proteins, 
which are associated with atherosclerosis [40,41]. IL-6 also acts as a 
chemotactic activator for neutrophils and macrophages, leading to 

increased recruitment of these cells to the sites of inflammation and 
atherosclerotic lesions [42–44].

The STAT3 pathway, which is activated by IL-6, plays a significant 
role in mediating cellular responses in atherosclerosis [45]. Specifically, 
the STAT3α isoform has been implicated in accelerating atherosclerosis 
progression by downregulating anti-inflammatory genes [46]. More
over, IL-6-mediated activation of the JAK/STAT3 pathway upregulates 
the expression of monocyte chemotactic protein-1 and other 
pro-inflammatory markers, exacerbating the inflammatory response 
associated with atherosclerosis [47].

IL-6 also exerts direct effects on various cell types involved in 
atherosclerosis, including smooth muscle cells [48], and stimulates the 
growth and activation of endothelial cells [49], and platelets [50]. 
Through trans-signaling, IL-6 promotes endothelial cell activation and 
upregulates the expression of cell adhesion molecules, such as VCAM-1, 
ICAM-1, and E-selectin, facilitating the recruitment and adhesion of 
monocytes to the endothelium, where they differentiate into macro
phages and contribute to the formation of foam cells within the sub
endothelial space [51–53].

Inhibition of IL-6 trans-signaling has been shown to mitigate 
atherosclerotic lesion progression. Studies utilizing IL-6 fusion proteins 
and trans-signaling inhibitors demonstrated a reduction in endothelial 
adhesion molecule expression and macrophage accumulation in 
atherosclerosis-prone mice, leading to attenuation of atherosclerotic 
progression [54]. Additionally, reducing IL-6 levels has been associated 
with decreased levels of CRP and fibrinogen, which are known risk 
factors for coronary artery disease risk [55].

Impaired fibrinolysis and atherosclerosis: The apo(a) component 
of lp(a) shares structural similarities with plasminogen, featuring krin
gle domains similar to plasminogen’s K4 and K5. Apo(a) contains 10 
kringle IV (KIV) repeats, designated as KIV1 to KIV10, each with slight 

Fig. 3. L-Gulonolactone oxidase generating vitamin C from glucose molecules.
Source: Dr. Joao Oiano Neto,2008 [29].
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amino acid variations. These KIV repeats influence the size of lp(a) 
isoforms, with weak lysine receptor regions in KIV 5–8 facilitating initial 
non-covalent binding between apo(a) and apoB-100 during lp(a) as
sembly [5]. Additionally, the unpaired cysteine residue in KIV9 forms a 
disulfide bond with apoB-100, while the strong lysine receptor in KIV10 
enhances lp(a)’s binding to exposed lysine residues on fibrin surfaces 
[56].

Lp(a) has been demonstrated to inhibit fibrinolysis in both in vitro 
and in vivo studies [57]. Interactions between lp(a) and various fibri
nolytic factors, such as fibrinogen, plasmin-modified fibrinogen, plas
minogen, and tissue-type plasminogen activator (tPA), have been 
observed. Early research showed that lp(a) prevents plasminogen and 
tPA from binding to fibrin, though the precise mechanism by which the 
apo(a) moiety of Lp(a) inhibits plasminogen activation remains a subject 
of debate, with both competitive and uncompetitive mechanisms pro
posed [58,59]. As evident in Fig. 4, we used string database [60] to show 
the interaction between various proteins responsible in developemt of 
atherosclerosis..

In this systematic review, we have reviewed clinical trials in which 
intervention was only Vitamin C and not with a combination of any 
other drug or nutrient. The patients we have focused on are either 
healthy patients or patients who are at risk of developing atheroscle
rosis, such as hypertensive, obese, or type 2 diabetic patients or CAD 
patients. The articles we have reviewed are clinical trials on both animal 
and human subjects in which vitamin C was intervened orally.

To the best of our knowledge, no review has focused on vitamin C’s 
effect on all the factors promoting atherosclerosis that are linked to li
poprotein(a). No other review has been focused on lipoprotein(a) levels, 
impaired fibrinolysis, and IL-6 levels in the blood, which are all inter
linked to each other. There was a requirement for such a review in which 
all aspects of atherosclerosis influencing factors related to lipoprotein(a) 
in which a common micronutrient was intervened. Hence, it is the first 
review that has focused on vitamin C’s role in lipoprotein(a) and its 
linked factors that can promote atherosclerosis, which is IL-6 and 

impaired fibrinolysis. This review aims to find out whether or not high- 
dose vitamin C intervention reduces lipoprotein(a) and IL6 concentra
tion along with an increment in fibrinolytic activities in both human and 
animal subjects.

Methodology

Eligibility criteria and search strategy

We conducted a comprehensive search across three data
bases—PubMed, Google Scholar, and Cochrane Library—using specific 
keywords related to vitamin C, atherosclerosis, lipoprotein(a) (Lp(a)), 
interleukin-6 (IL-6), and fibrinolytic activity. The search was limited to 
original papers published in English until December 31, 2022. The 
search strategy was last implemented on 8 July 2023.

Following PRISMA guidelines, we identified relevant animal and 
human studies, excluding duplicate articles. Abstracts were screened to 
select in vivo studies, with a focus on clinical trials. Studies involving 
interventions other than vitamin C, such as micronutrients or pharma
ceuticals, were excluded. Similarly, studies involving subjects unrelated 
to coronary artery disease (CAD) or its risk factors were also excluded.

Included human studies comprised CAD patients, individuals at risk 
of CAD (e.g., diabetic, obese, hypertensive), and healthy subjects. Ani
mal studies included those where animals synthesized human Lp(a) or 
apo(a), such as guinea pigs and transgenic mice, and those with elevated 
plasma IL-6 levels.

The search strategy involved screening references of excluded papers 
to identify any additional relevant articles. This ensured a comprehen
sive review of primary and secondary sources. The screening process 
adhered to predefined inclusion criteria, focusing on vitamin C inter
vention in the context of atherosclerosis and associated risk factors.

The search and screening strategy is outlined in Fig. 5for clarity and 
transparency.

Fig. 4. we have extracted the interactions between these 8 proteins at a high confidence level, keeping interactions only at the query level. PLAT- tissue-type 
plasminogen activator, LPA- lipoprotein(a), PLG- plasminogen, PLAU- Urokinase-type plasminogen activator, APOE- ApolipoproteinE, APOB- ApolipoproteinB- 
100, IL-6– Interleukin6, STAT3 is a pathway associated with atherosclerosis and inflammation. As the image shows, all the query proteins are interlinked to each 
other either directly or indirectly showing that all the proteins are affecting each other’s functionality and quantity.
Source: Szklarczyk et al. string (2015) [60].
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Study selection

This review focuses on clinical trials investigating the therapeutic 
potential of vitamin C supplementation in individuals with coronary 
artery disease (CAD), obesity, type 2 diabetes, hypertension, or those at 
risk of atherosclerosis. We included studies involving both human sub
jects and animal models with experimentally induced atherosclerosis or 
elevated levels of lipoprotein(a) (lp(a)) and interleukin-6 (IL-6).

Only clinical trials using oral or intraperitoneal administration of 
vitamin C were considered, while studies involving intravenous 
administration were excluded. We specifically targeted trials measuring 
lp(a), IL-6 levels, and fibrinolytic activities after vitamin C treatment in 
individuals with atherosclerosis or its risk factors.

A total of 11 papers were included for review, consisting of 7 human 
clinical trials and 4 animal studies, as shown in Table 1. Human trials 
focused on plasma lp(a) levels, IL-6 levels, and impaired fibrinolytic 
activities following vitamin C supplementation. Similarly, animal 
studies investigated the impact of vitamin C on lp(a) and IL-6 levels.

We excluded studies involving subjects unrelated to CAD or 
atherosclerosis risk and those not solely assessing the effects of vitamin C 
intervention. Additionally, in vitro studies focusing on fibrinolytic ac
tivity in endothelial cells were excluded.

Overall, the selected studies provide insights into the potential 
therapeutic role of vitamin C in mitigating factors associated with 
atherosclerosis progression.

Data extraction

Two independent reviewers screened all studies based on authors, 
study design, participant characteristics, response criteria, intervention 
type, mode, and outcome measured. The sample was divided into animal 
and human studies for clarity and ease of communication.

Quality of bias assessment

For human studies, we have used the CASP tool(Critical Appraisal 

Fig. 5. Literature search and selection protocol according to the PRISMA flow diagrams.
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Skills Programme (2018)(165). We have only kept those studies to re
view which scores at least 50 % ( refer to appendix 1). For animal studies 
included, we have used the SYRCLE RoB tool( Systematic Review Renter 
for Laboratory Animal Experimentation,(2014) [73]) to assess the 
quality of papers, see Table 2. We have only kept those papers that 
scored at least 5 marks out of 10.

Results

The results are shown below differently for animal and human 
studies for the sake of ease of understanding and differentiation.

Human studies

Vitamin C and lp(a) level

Human studies have shown no change in serum lipoprotein(a) level 
after various doses of the vitamin C intervention. Jenner et al. [61], in 
1999, examined the effectiveness of vitamin C on plasma lp(a) levels. In 
this study, they included 138 people, out of whom only 101 patients 
provided blood to calculate plasma lp(a) concentration. People who 
were smokers, had heart disease, liver disease, or diabetes, taking any 
lipid-lowering drug and ascorbic acid supplementation were excluded 
from the trial. People were randomized into two groups: the interven
tion group( n = 49) and the placebo group( n = 51). People in the 
intervention group received 2 tablets of 500 mg of ascorbic acid per day 
and people in the placebo group received matching placebo tablets to 
take for 8 months. In both groups, the baseline plasma lp(a) measure
ment was 0.110 mg/l (p = 0.71). The geometric mean baseline lp(a) 
levels in both the placebo and treatment group were 0.095 mg/l and 
0.099 mg/l, respectively. 35 subjects had >0.050 g/l lp(a) levels, out of 
which 17 were in the placebo group and 18 were in the intervention 
group. After 8 months of intervention, Jenner et al. [61]. found no dif
ference in the lp(a) level in both groups. Moreover, subjects were 
dichotomized into 2 groups according to their baseline plasma ascorbic 
acid(PAA) level to test whether plasma ascorbic concentration had any 
effect on lp(a) concentration after 8 months of intervention or not. One 
group had a baseline PAA concentration of <55 umol/l (n = 61) and the 
other group had a PAA level of >55 umol/l (n = 40). After 8 months, no 
difference was found in lp(a) concentrations in both groups.

A Similar result was observed by AG Bostom et al. [62]., in 1995, 
when they intervened with 4.5 g of vitamin C every day in their ran
domized controlled trial with 44 patients for 12 weeks. The patients 
included were all adults who had developed at least 50 % or more ste
nosis in one of the major coronary arteries before the age of 60. They 
were given 4.5 g of vitamin C per day vs placebo for 12 weeks. After 12 
weeks of continuous supplementation, they also found no significant 
changes in the blood lp(a) concentration in both groups [p = 0.39].

Vitamin C and IL-6

The effectiveness of vitamin C in modulating IL-6 plasma levels has 
yielded inconsistent findings in the literature. Antoniades et al. [63]. 
conducted an intervention study involving 37 subjects diagnosed with 
both type 2 diabetes and coronary artery disease. These individuals, who 
met specific inclusion criteria, were randomized into either a treatment 
group receiving 2 g/day of vitamin C (n = 17) or a control group 
receiving no antioxidant treatment (n = 18) for 4 weeks. ELISA was 
employed to measure serum IL-6 levels before and after the intervention. 

Despite the administration of vitamin C, no significant changes in IL-6 
levels were observed within the treatment group (p > 0.05). 
Conversely, Mohammed et al. [64], investigated 62 patients with hy
pertension and diabetes, randomized into intervention (n = 31) and 
control (n = 31) groups. The intervention group received 1 g/day of 
vitamin C for 8 weeks, while the control group received no supple
mentation (see Table 3). Notably, a significant reduction in IL-6 serum 
concentration was observed in the vitamin C group (p < 0.001), con
trasting with the control group where IL-6 levels showed no significant 
change (p > 0.05). These findings underscore the variability in the ef
fects of vitamin C on IL-6 levels, warranting further investigation into its 
mechanisms of action and clinical implications.

Vitamin C and fibrinolytic activities

The utilization of high-dose vitamin C supplementation as a means to 
enhance fibrinolysis and improve vascular function presents a compel
ling avenue for therapeutic intervention. Antoniades et al. [63]. con
ducted a study involving 39 patients diagnosed with type 2 diabetes and 
coronary artery disease (CAD), characterized by at least one coronary 
stenosis exceeding 50 %, as confirmed by angiography. Patients with 
baseline HbA1c levels below 7 % and normal blood pressure (<140/90) 
were included in the study. They were randomly assigned to either a 
treatment group (n = 19), receiving 2 g of vitamin C daily, or a control 
group (n = 20) receiving no antioxidant supplementation. After a 
4-week intervention period, plasma levels of tissue plasminogen acti
vator (tPA) and factor V (fV) were measured.

Significantly reduced plasma fV levels were observed in the treat
ment group compared to baseline (p = 0.038), while no significant 
change was noted in the control group (p = 0.661). Additionally, a 
notable difference in plasma fV levels between the treatment and control 
groups was evident (p = 0.596). Furthermore, plasma von Willebrand 
factor (vWF) levels were significantly decreased in the treatment group 
(p = 0.016), whereas no significant change was observed in the control 
group (p = 0.665). Importantly, the treatment group exhibited a 
significantly greater reduction in plasma vWF levels compared to the 
control group (p = 0.036). These findings underscore the potential of 
high-dose vitamin C supplementation in modulating fibrinolysis and 
improving vascular health, thus warranting further exploration in clin
ical practice.

In another trial by A.K. Bordia et al. [65] in 1980, two parts of 
research were conducted. The first part involved 40 patients with a 
history of coronary episodes, randomized into three groups receiving 
different doses of vitamin C for 6 months. Results showed that both 
moderate (1 g/day) and high (2 g/day) doses of vitamin C led to sig
nificant increases in serum fibrinolytic activity compared to the control 
group. In the second part, 40 patients with acute myocardial infarction 
were randomized to receive vitamin C or placebo. Vitamin C supple
mentation significantly increased fibrinolytic activity by 62.5 % (p <
0.001), with a decline observed after discontinuation of vitamin C. No 
significant change was observed in the placebo group.

Similarly, in a study by D.K. Paliwal et al. [66] in 1978, fibrinolytic 
activity significantly increased in healthy individuals and CAD patients 
after vitamin C administration. However, fat administration attenuated 
the increase in fibrinolytic activity. Additionally, a study by Guilder 
et al. [67] in 2015 showed that oral supplementation with vitamin C 
increased endothelial tPA release in response to bradykinin, indicating a 
potential role in endothelial function regulation.

Overall, these trials highlight the potential of vitamin C 
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supplementation in enhancing fibrinolysis, particularly in individuals 
with cardiovascular risk factors.

Animal studies

Vitamin C and lp(a)

Various animal models have been studied to check whether vitamin 
C has any effect on circulating lp(a) level or not, such as guinea pigs, 
GULO-/-, lp(a)+/+ transgenic mice, and sepsis models.

Transgenic GULO-/-, lp(a)+/+ mice, lacking the gulonolactone ox
idase enzyme gene responsible for vitamin C synthesis but possessing the 
gene for producing human lipoprotein(a) (lp(a)), serve as a valuable 
model for studying the interplay between lp(a) and vitamin C deficiency 
in atherosclerosis development. These mice were developed through 
crossbreeding involving GULO -/- mice with human apo(a) strain mice 
and GULO -/- mice with human apoB-100 strain mice. Subsequent 
crossbreeding between these strains produced the GULO -/-, lp(a)+
strain, which lacks endogenous vitamin C synthesis but expresses human 
lp(a).

Vitamin C’s impact on lp(a) producing transgenic mice

Cha et al. [68] conducted experiments using two strains of mice: 
Gulo -/- and Gulo-/-; lp(a)+. The Gulo -/- mice lack the lp(a) gene and 
cannot synthesize lp(a). They were divided into two groups: one 
receiving 2.75 mg/day of vitamin C and the other receiving no vitamin 
C, leading to complete ascorbic acid depletion within 8 weeks. Mean
while, the Gulo-/-; lp(a)+ mice were grouped into three, receiving 0.15 
mg/day, 0.30 mg/day, and 2.75 mg/day of vitamin C over 12 weeks. 
Female mice consistently exhibited higher lp(a) concentrations 
compared to males. Gulo-/- mice receiving 2.75 mg/day of vitamin C 
showed no lp(a) production, while those deprived of vitamin C syn
thesized lp(a) and succumbed to scurvy-like symptoms. Additionally, lp 
(a) levels significantly decreased due to reduced protein synthesis in this 
metabolic disorder state, with male and female Gulo-/- mice producing 
8.6 ± 5.6 mg/dl lp(a).

In Gulo -/-, lp(a)+ mice, lp(a) concentration inversely correlated 

with ascorbic acid supplementation. Among the three groups receiving 
different doses of vitamin C, those receiving 2.75 mg/day produced 
significantly less lp(a) compared to the 0.15 mg/day and 0.30 mg/day 
groups (p < 0.05).

In addition to human apoB-100, mice also produce their own apoB- 
100. Cha et al. (2015) noted that the group receiving 2.75 mg of vitamin 
C exhibited lower levels of human apoB-100 in both male and female 
mice, while there was minimal difference in mouse apoB-100 levels 
across all groups.

Further investigation revealed that early atherosclerosis develop
ment was linked to lp(a) accumulation within the inner layers and 
deeper regions of the blood vessel walls. Male mice consuming 2.75 mg 
of vitamin C showed no lp(a) deposition in their vascular walls, whereas 
female mice did. Conversely, in mice with low or no vitamin C in their 
diet, lp(a) deposition was evident in the arterial walls, as detected by 
immunohistochemical co-localization of apoB-100, apo(a), and fibrin
ogen. These mice also exhibited elastin degradation within their 
vascular walls alongside lp(a) deposition.

Matthias Rath and Linus Pauling [69] employed guinea pigs to 
investigate the role of vitamin C in lp(a) accumulation in atherosclerotic 
lesions, given their propensity to develop atherosclerotic plaques and 
their inability to synthesize vitamin C, akin to humans. Guinea pigs also 
produce lp(a) similar to humans. Sixteen male guinea pigs were divided 
into two groups: one receiving 40 mg/kg/day of ascorbic acid along with 
vitamin C-free guinea pig chow (Purina) and the other receiving only 2 
mg/kg/day of ascorbic acid to induce hypoascorbemia along with 
ascorbate-free Purina.

After five weeks, the animals were euthanized, and their heart, aorta, 
and various organs were collected for biochemical and histological 
analysis. Immunoreactivity for apo(a) was detected in hypoascorbic 
pigs, indicating lp(a) metabolism in the absence of vitamin C. Further
more, immunoreactivity for apo(a) was observed in the atherosclerotic 
lesions of the aorta, suggesting lp(a) deposition in the plaque under 
hypoascorbemia conditions. This observation was not evident in pigs 
receiving 40 mg of vitamin C.

Fig. 6. The graph, from Antoniades et al. [63], illustrates the impact of vitamin C supplementation on plasma levels of von Willebrand factor (vWF), antithrombin III 
(ATIII), protein C (prtC), protein S (prtS), factor V (fV), and factor VII (fVII) in patients with type 2 diabetes and concomitant coronary artery disease (CAD). Notably, 
only the vitamin C treatment group exhibited significantly reduced plasma levels of fV and vWF (P < 0.05 for both), while no significant changes were observed in the 
control group. Moreover, the reduction in vWF levels within the vitamin C treatment group was statistically higher compared to the control group (P = 0.036). 
Conversely, concentrations of ATIII, prtC, prtS, and fVII remained constant in both treatment and control groups. These findings underscore the selective effectiveness 
of vitamin C in modulating key biomarkers associated with vascular health in diabetic patients with CAD. 
* Before therapy; □ following treatment. Means and SE are used to express data.
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Vitamin C and IL-6 in rats

Ningzhang et al. [70] utilized 61 septic rat models weighing 200–250 
g and aged 6–8 weeks to investigate the impact of vitamin C on IL-6 
levels. Using a cecal ligation puncture (CLP) septic model, rats were 
divided into three groups: saline + sham (n = 11), saline + CLP (n = 25), 
and CLP + high-dose vitamin C (200 mg/kg) (n = 25). After 7 days of 
sepsis, the survival rate was higher in the vitamin C + CLP group 

compared to the saline + CLP group (58.8 % vs 47.1 %). IL-6 levels were 
measured 24 hours post-surgery in both serum and brain, revealing 
higher levels in both saline + CLP and vitamin C + CLP groups compared 
to the Sham group (p < 0.001). However, significantly lower IL-6 levels 
were found in the vitamin C + CLP group compared to the saline + CLP 
group (p = 0.001). Additionally, TNF-alpha and anti-inflammatory 
cytokine IL-10 levels were measured in serum and brain 3 hours 
post-surgery, showing higher TNF-alpha and IL-6 levels in the saline +

Fig. 7. In the study by Ningzhang et al. (2022) [70], the comparison of TNF-alpha, IL-6, and IL-10 levels was conducted 3 hours post-operation in both serum (A) and 
brain (B). The levels of these inflammatory cytokines were notably elevated in both the CLP + saline and vit C + CLP groups compared to the sham group rats (p =
0.001). However, the CLP + vit C group exhibited significantly lower levels of TNF-alpha and IL-6 compared to the CLP + saline group (p = 0.001). Furthermore, the 
levels of IL-10 were significantly increased in both brain and serum in the CLP + vit C group compared to the CLP + saline group (p = 0.001).

Fig. 8. The graph adapted from Hyejung et al. (2022) [71] illustrates the impact of vitamin C deficiency and dextran sulfate sodium (DSS) treatment on IL-6 levels. 
After 7 days of DSS treatment, IL-6 levels were measured in both plasma (A) (n = 15–18) and colon homogenates (B) (n = 9–13) using ELISA. The graph indicates a 
significant increase in IL-6 levels in both vitamin C deficiency and DSS treatment groups. Statistical significance is denoted by * for p < 0.05 and *** for p < 0.001.
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CLP group, while IL-10 levels were significantly lower in the vitamin C +
CLP group, as shown in Fig. 7.

In another study by Hyejung et al. (2022) [71], mouse models with 
acute colitis were used to explore the effect of vitamin C on inflamma
tory markers induced by dextran sulfate sodium (DSS) administration. 
The mice were categorized into wild-type (WT), vitamin C-deficient 
Gulo-/- mice (KO), and vitamin C-sufficient Gulo-/- mice (KO+VC). The 
KO mice exhibited the highest mortality rate (26 % for KO, 3 % for WT, 
and 6 % for KO+VC). IL-6 levels were notably elevated in KO mice after 
7 days, with the highest production observed in the KO+DSS group 
compared to other groups. Vitamin C supplementation was found to 
reduce IL-6 production in mice with acute colitis compared to vitamin 
C-deficient mice suffering from the same condition, as shown in Fig. 6.

Discussion

Vitamin C and lipoprotein(a)

The animal studies conducted on the relationship between vitamin C 
and lipoprotein(a) (lp(a)) deposition in atherosclerosis have revealed 
compelling insights. In both guinea pigs and transgenic mice deficient in 
vitamin C, increased lp(a) infiltration into the vascular wall was 
observed, leading to atherosclerotic plaque development. Conversely, 
when guinea pigs were supplemented with adequate vitamin C, 
Atherosclerotic plaques, along with lp(a) deposition, were notably ab
sent. This suggests a crucial role for vitamin C in maintaining endo
thelial matrix integrity and preventing atherosclerosis [68,69].

Interestingly, the animal models lacking the ability to synthesize 
vitamin C and produce human lp(a) further supported these findings. In 
hypoascorbemic conditions, increased lp(a) accumulation in the 
vascular wall was observed, while supplementation with high doses of 
vitamin C prevented lp(a) deposition. These results highlight the 
importance of sufficient ascorbate levels in inhibiting lp(a) infiltration 
and preserving vascular wall integrity [68].

However, human studies have not consistently demonstrated an in
verse relationship between vitamin C supplementation and plasma lp(a) 
levels. Despite this, vitamin C supplementation has shown efficacy in 
reducing other lipids and triglycerides, indicating its potential cardio
vascular benefits [72]. Conversely, niacin (Niacin) supplementation has 
been found to lower lp(a) levels significantly [73].

In summary, while animal studies underscore the importance of 
vitamin C in preventing lp(a) deposition and atherosclerosis, human 
studies present a more nuanced picture. Further research is needed to 
elucidate the mechanisms underlying the discrepancy between animal 
and human studies and to explore alternative therapeutic strategies for 
reducing lp(a) levels and mitigating cardiovascular risk.

Vitamin C and IL-6

In septic rats, vitamin C supplementation has been shown to reduce 
serum IL-6 levels, along with TNF-α, and increase anti-inflammatory 
cytokine IL-10 concentration. Vitamin C’s modulation of the Nrf2 
pathway is pivotal in maintaining cellular redox balance and attenu
ating atherosclerotic progression. By upregulating total and nuclear 
Nrf2 expression, as well as enhancing HO-1 protein expression, vitamin 
C exerts protective effects against plaque development [70]. Animal 
studies have consistently demonstrated improvements in inflammatory 
biomarkers with vitamin C supplementation, and similar results have 
been observed in human studies.

Human trials have reported significant reductions in hsCRP and IL-6 
levels following vitamin C intervention [63,64]. Peluso et al. [74] found 
that vitamin C-rich fruit juice reduced postprandial stress in obese in
dividuals by decreasing IL-6 and TNF-α levels. Mikirova et al. [75] 
demonstrated a reduction in hsCRP levels with vitamin C supplemen
tation in individuals with low serum ascorbate. Intravenous ascorbate 
administration has also been linked to decreased plasma CRP levels and 
improved cancer outcomes. Gutirrez et al. [76], in 2013, experimented 
with DM patients and observed that 500–1000 mg/day of vitamin C 
supplementation for a short period has an inverse effect on atheroscle
rosis development in diabetes patients by affecting IL-6. Ferron-Elma 
et al. [77] also observed a significant reduction in IL-6 concentration in 
2012 after a 450 mg/day intervention of vitamin C in patients who had 
sepsis and abdominal surgery.

Cross-sectional studies have revealed an inverse relationship be
tween plasma ascorbate levels and inflammatory markers, with lower 
CRP and IL-6 levels associated with higher plasma ascorbate concen
trations [78]. This inverse association extends to the risk of heart failure, 
where higher vitamin C levels correlate with reduced risk, potentially 
mediated by decreased CRP and IL-6 levels [79].

Effect of vitamin C on fibrinolysis

The findings from this review strongly support the potential thera
peutic role of vitamin C in improving fibrinolytic activities. Studies have 
consistently demonstrated that even a single dose of vitamin C can 
significantly enhance fibrinolysis, with long-term supplementation 
maintaining fibrinolytic activity levels at about 50 % above control 
levels in patients with coronary events [65–67].

Research by Woodhouse et al. [80] revealed an inverse relationship 
between low serum ascorbate levels and increased PAI-1 activity, a 
critical indicator of future cardiac events. Further studies confirmed that 
vitamin C intake significantly reduces PAI-1 levels in coronary and 
diabetic patients [65,66]. Combinations of vitamin C and E have also 
been effective in reducing PAI-1 levels, as demonstrated in patients with 
conditions like pre-eclampsia [81] and in animal models fed a 
high-cholesterol diet [82,87].

While high tPA levels are associated with atherosclerosis, vitamin C 
administration has shown an inverse relation with tPA levels in some 
studies [83]. In-vitro studies have demonstrated that vitamin C can in
crease tPA secretion, although conflicting results exist regarding its 
impact on tPA levels in vivo [88]. Other fibrinolysis factors such as fV, 
fVII, ATIII, and uPA were not significantly affected by vitamin C sup
plementation in the reviewed studies [63].

In addition to enhancing fibrinolytic activities, vitamin C also in
hibits platelet adhesion to lesion sites and prevents monocyte adhesion 
to the endothelium by 27 % in coronary artery patients [65]. Animal 
models have shown that vitamin C can reduce leukocyte adhesion to the 
endothelium induced by cigarette smoke, further underscoring its po
tential protective role [84]. Moreover, vitamin C supplementation may 
prevent vascular smooth muscle cell apoptosis, providing additional 
stability to plaques [85].

While the recommended daily dosage of vitamin C is typically 40 mg, 
doses ranging from 500 mg to 2000 mg/day have shown significant 
benefits in the reviewed studies, with higher doses not necessarily 
associated with additional benefits [63–67]. Matthias Rath and Linus 
Pauling suggested higher dosages, but the efficacy of such high doses 
remains uncertain. The evidence presented in this review supports the 
potential therapeutic role of vitamin C in improving fibrinolytic 
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activities and mitigating cardiovascular risk factors.
Limitations: While our review provides valuable insights into the 

relationship between vitamin C supplementation and lp(a) levels, it is 
important to acknowledge its limitations. One notable limitation is the 
relatively small sample size in human trials, which may affect the 
generalizability of our findings. Additionally, the focus of animal studies 
on lp(a) accumulation in hypoascorbemic conditions contrasts with the 
emphasis on serum lp(a) levels in human studies included in our review. 
This disparity highlights the need for further research to elucidate the 
specific effects of vitamin C supplementation on lp(a) deposition on the 
endothelial wall in humans.

Furthermore, the articles included in our review lack exploration of 
genetic influences on lp(a) levels and interleukin-6 (IL-6) production, 
which could potentially confound the observed associations. Moreover, 
important confounders such as dietary factors, liver health, and daily fat 
intake were not consistently accounted for in the studies reviewed, 
which may limit the interpretation of our findings. Additionally, the 
absence of animal studies investigating the relationship between fibri
nolysis and vitamin C further underscores the need for comprehensive 
research in this area.

Despite these limitations, our review contributes valuable insights 
into the potential impact of vitamin C supplementation on lp(a) levels 
and cardiovascular health. Future studies addressing these limitations 
and incorporating a broader range of factors will be essential for 
advancing our understanding of the complex interplay between vitamin 
C, lp(a), and cardiovascular risk.

Conclusion

The study provides a significant contribution to the understanding of 
vitamin C’s role in combating atherosclerosis, underscoring its potential 
as a therapeutic agent in cardiovascular disease management. Through a 
comprehensive review of both animal and human studies, the research 
elucidates how vitamin C supplementation can positively affect key 
factors involved in atherosclerotic progression, notably by reducing li
poprotein(a) levels, decreasing interleukin-6 concentrations, and 
enhancing fibrinolytic activity. These findings highlight the antioxidant 
and anti-inflammatory properties of vitamin C, offering insights into its 
mechanism of action in cardiovascular protection.

This study not only reinforces the importance of vitamin C in car
diovascular health but also opens avenues for future research into its 
potential benefits across a broader spectrum of inflammatory and 
oxidative stress-related conditions. The integration of vitamin C into 
preventive and therapeutic strategies for atherosclerosis could signifi
cantly impact public health, emphasizing the need for a holistic 
approach to cardiovascular disease management that includes dietary 
and lifestyle modifications alongside conventional medical treatments.
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Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 11–12
Information sources 6 Specify all databases, registers, websites, organizations, reference lists and other sources searched or consulted to 
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Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many 

reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, 
details of automation tools used in the process.

13

Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers collected data from each 
report, whether they worked independently, any processes for obtaining or confirming data from study 
investigators, and if applicable, details of automation tools used in the process.

14

Data items 10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each 
outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods 
used to decide which results to collect.

13–14

​ 10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, 
funding sources). Describe any assumptions made about any missing or unclear information.

14

Study risk of bias assessment 11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how 
many reviewers assessed each study and whether they worked independently, and if applicable, details of 
automation tools used in the process.

15

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or 
presentation of results.

NA

Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study 
intervention characteristics and comparing against the planned groups for each synthesis (item #5)).

13–14

​ 13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing 
summary statistics, or data conversions.

NA

​ 13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 14
​ 13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was 

performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and 
software package(s) used.

NA

​ 13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, 
meta-regression).

NA

​ 13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
Reporting bias assessment 14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). 16
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. NA
RESULTS ​ ​ ​
Study selection 16a Describe the results of the search and selection process, from the number of records identified in the search to the 

number of studies included in the review, ideally using a flow diagram.
13

​ 16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were 
excluded.

NA

Study characteristics 17 Cite each included study and present its characteristics. 13–14
Risk of bias in studies 18 Present assessments of risk of bias for each included study. 16
Results of individual studies 19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an 

effect estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
16–23

Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk of bias among contributing studies. 16–23
​ 20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary 

estimate and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing 
groups, describe the direction of the effect.

NA

​ 20c Present results of all investigations of possible causes of heterogeneity among study results. 16–23
​ 20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 17–23
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. 17
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 16–23
DISCUSSION ​ ​ ​
Discussion 23a Provide a general interpretation of the results in the context of other evidence. 23–26
​ 23b Discuss any limitations of the evidence included in the review. 26
​ 23c Discuss any limitations of the review processes used. 26
​ 23d Discuss implications of the results for practice, policy, and future research. 26–27
OTHER INFORMATION ​ ​ ​
Registration and protocol 24a Provide registration information for the review, including register name and registration number, or state that the 

review was not registered.
27

​ 24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 27
​ 24c Describe and explain any amendments to information provided at registration or in the protocol. NA
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the 

review.
27

Competing interests 26 Declare any competing interests of review authors. NA
Availability of data, code a*nd 

other materials
27 Report which of the following are publicly available and where they can be found: template data collection forms; 

data extracted from included studies; data used for all analyses; analytic code; any other materials used in the 
review.
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[35] L. Horváth, A. Császár, A. Falus, et al., IL-6 and lipoprotein (a) [Lp(a)] 
concentrations are related only in patients with high apo(a) isoforms in 
monoclonal gammopathy, Cytokine 18 (2002) 340–343.

[36] H.K. Berthold, M. Laudes, W. Krone, I. Gouni-Berthold, Association between the 
interleukin-6 promoter polymorphism -174G/C and serum lipoprotein(a) 
concentrations in humans, PLoS One (2011) 6e24719.

[37] Müller N. Schulte D.M. Türk K. et al. IL-6 blockade by monoclonal antibodies 
inhibits apolipoprotein (a) expression and lipoprotein(a) synthesis in humans. J. 
Lipid Res. 2015; 56: 1034–1042.

[38] G. Cimmino, F.S. Loffredo, A. Morello, et al., Immune-inflammatory activation in 
acute coronary syndromes: a look into the heart of unstable coronary plaque, Curr 
Cardiol Rev (2016), 13 Oct.

[39] Y. Yoshida, T. Tanaka, Interleukin 6 and rheumatoid arthritis, Biomed Res Int 2014 
(2014) 698313, https://doi.org/10.1155/2014/698313. Epub 2014 Jan 12. PMID: 
24524085; PMCID: PMC3913495.

[40] M. Kopf, H. Baumann, G. Freer, et al., Impaired immune and acute phase responses 
in Interleukin-6-deficient mice, Nature 368 (1994) 339–342, https://doi.org/ 
10.1038/368339a0.

[41] J.C. Thompson, C. Jayne, J. Thompson, et al., A brief elevation of serum amyloid A 
is sufficient to increase atherosclerosis, J Lipid Res 56 (2015) 286–293, https://doi. 
org/10.1194/jlr.M054015.

[42] G. Kaplanski, V. Marin, F. Montero-Julian, et al., Farnarier C.IL-6: a regulator of the 
transition from neutrophil to monocyte recruitment during inflammation, Trends 
Immunol 24 (2003) 25–29, https://doi.org/10.1016/S1471-4906(02)00013-3.

[43] B.N. Cronstein, Interleukin-6 – a key mediator of systemic and local symptoms in 
rheumatoid arthritis, Bull NYU Hosp Jt Dis 65 (2007) S11–S15.

[44] R. Kerr, D. Stirling, C.A. Ludlam, Interleukin 6 and haemostasis, Br J Hematol 115 
(2001) 3–12, https://doi.org/10.1046/j.1365-2141.2001.03061.

[45] Q. Chen, J. Lv, W. Yang, B. Xu, Z. Wang, Z. Yu, J. Wu, Y. Yang, Y. Han, Targeted 
inhibition of STAT3 as a potential treatment strategy for atherosclerosis, 
Theranostics 9 (22) (2019 Aug 14) 6424–6442, https://doi.org/10.7150/ 
thno.35528. PMID: 31588227; PMCID: PMC6771242.

[46] J.J. O’Shea, D.M. Schwartz, A.V. Villarino, M. Gadina, I.B. McInnes, A. Laurence, 
The JAK-STAT pathway: impact on human disease and therapeutic intervention, 
Annu Rev Med 66 (2015) 311–328.

[47] P. Biswas, F. Delfanti, S. Bernasconi, M. Mengozzi, M. Cota, N. Polentarutti, 
A. Mantovani, A. Lazzarin, S. Sozzani, G. Poli, Interleukin-6 induces monocyte 
chemotactic protein-1 in peripheral blood mononuclear cells and in the U937 cell 
line, Blood 91 (1) (1998 Jan 1) 258–265. PMID: 9414293.

[48] A. Kahn, N. Jing, J.H. Li, et al., Role of JAK/STAT pathway in IL-6-induced 
activation of vascular smooth muscle cells, Am J Nephrol 24 (2004) 387–392.

[49] B.S. Wung, M.C. Hsu, C.C. Wu, et al., Resveratrol suppresses IL-6-induced ICAM-1 
gene expression in endothelial cells: effects on the inhibition of STAT3 
phosphorylation, Life Sci 78 (2005) 389–397, https://doi.org/10.1016/j. 
lfs.2005.04.052.

[50] G. Davi, C. Patrono, Platelet activation and atherothrombosis, N Engl J Med 357 
(2007) 2482–2494, https://doi.org/10.1056/NEJM ra071014.

[51] B.S. Wung, M.C. Hsu, C.C. Wu, et al., Resveratrol suppresses IL-6-induced ICAM-1 
gene expression in endothelial cells: effects on the inhibition of STAT3 
phosphorylation, Life Sci 78 (2005) 389–397, https://doi.org/10.1016/j. 
lfs.2005.04.052.

[52] Q. Chen, D.T. Fisher, K.A. Clancy, et al., Fever-range thermal stress promotes 
lymphocyte trafficking across high endothelial venules via an interleukin 6 trans- 
signaling mechanism, Nat Immunol 7 (2006) 1299–1308, https://doi.org/ 
10.1038/ni1406.

[53] C. Gabay, I.B. McInnes, A. Kavanaugh, et al., Comparison of lipid and lipid- 
associated cardiovascular risk marker changes after treatment with tocilizumab or 
adalimumab in patients with rheumatoid arthritis, Ann. Rheum. Dis 75 (2016) 
1806–1812.

[54] H. Schuett, R. Oestreich, G.H. Waetzig, et al., Trans signaling of Interleukin-6 
crucially contributes to atherosclerosis in mice, Arter. Thromb Vasc Biol 32 (2012) 
281–290, https://doi.org/10.1161/ATVBAHA.111.229435.

[55] G. Chimienti, F. Aquilino, M.T. Rotelli, F. Russo, L. Lupo, G. Pepe, Lipoprotein(a), 
lipids and proinflammatory cytokines in patients undergoing major abdominal 
surgery, Br. J. Surg 93 (2006) 347–353.

[56] Y.Y. van der Hoek, M.E. Wittekoek, U. Beisiegel, J.J.P. Kastelein, M.L. Koschinsky, 
Hum. Mol. Genet 2 (1993) 361–366.

C. Sharma and Dr.C. Williams                                                                                                                                                                                                               Health Sciences Review 16 (2025) 100230 

14 

https://doi.org/10.1161/01.cir.103.14.1863
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0002
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0002
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0003
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0003
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0004
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0004
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0004
https://doi.org/10.1093/cvr/cvt101
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0006
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0006
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0006
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0007
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0007
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0007
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0007
http://doi.org/10.1161/01.ATV.0000215638.53414.99
http://doi.org/10.1161/01.ATV.0000215638.53414.99
https://doi.org/10.1038/labinvest.3700215
https://doi.org/10.1038/labinvest.3700215
http://10.12688/f1000research.9845.1
http://10.12688/f1000research.9845.1
https://doi.org/10.1172/JCI2265
https://www.ncbi.nlm.nih.gov/books/NBK343489/
https://www.ncbi.nlm.nih.gov/books/NBK343489/
https://doi.org/10.1001/jamacardio.2019.3780
https://doi.org/10.1001/jamacardio.2019.3780
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0014
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0014
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0015
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0015
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0016
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0016
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0016
http://10.1016/j.atherosclerosis.2022.10.004
http://10.1016/j.atherosclerosis.2022.10.004
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0018
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0018
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0019
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0019
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0020
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0020
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0021
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0021
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0022
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0022
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0023
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0023
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0023
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0023
https://doi.org/10.3390/ijms17081328
https://doi.org/10.3390/ijms17081328
https://doi.org/10.1155/2014/698313
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0027
https://doi.org/10.1073/pnas.87.16.6204
https://doi.org/10.1073/pnas.87.16.6204
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0030
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0030
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0030
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0031
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0031
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0031
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0032
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0032
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0032
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0033
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0033
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0033
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0034
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0034
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0034
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0035
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0035
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0035
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0036
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0036
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0036
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0038
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0038
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0038
https://doi.org/10.1155/2014/698313
https://doi.org/10.1038/368339a0
https://doi.org/10.1038/368339a0
https://doi.org/10.1194/jlr.M054015
https://doi.org/10.1194/jlr.M054015
https://doi.org/10.1016/S1471-4906(02)00013-3
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0043
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0043
https://doi.org/10.1046/j.1365-2141.2001.03061
https://doi.org/10.7150/thno.35528
https://doi.org/10.7150/thno.35528
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0046
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0046
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0046
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0047
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0047
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0047
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0047
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0048
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0048
https://doi.org/10.1016/j.lfs.2005.04.052
https://doi.org/10.1016/j.lfs.2005.04.052
https://doi.org/10.1056/NEJM ra071014
https://doi.org/10.1016/j.lfs.2005.04.052
https://doi.org/10.1016/j.lfs.2005.04.052
https://doi.org/10.1038/ni1406
https://doi.org/10.1038/ni1406
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0053
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0053
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0053
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0053
https://doi.org/10.1161/ATVBAHA.111.229435
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0055
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0055
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0055
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0056
http://refhub.elsevier.com/S2772-6320(25)00022-4/sbref0056


[57] MarkA. Hancock Michael B. Boffa Santica M. Marcovina Michael E. Nesheim 
Marlys L. Koschinsky. Inhibition of plasminogen activation by lipoprotein(a) 
critical domains in apolipoprotein(a) and mechanism of inhibition on fibrin and 
degraded fibrin surfaces. 10.1074/jbc.M302780200.

[58] B.R. Gabel, L.F. May, S.M. Marcovina, M.L. Koschinsky, Arter. Thromb. Vasc. Biol 
16 (1996) 1559–1567.

[59] MarkA. Hancock Michael B. Boffa Santica M. Marcovina Michael E. Nesheim 
Marlys L. Koschinsky Inhibition of plasminogen activation by lipoprotein(a) critical 
domains in apolipoprotein(a) and mechanism of inhibition on fibrin and degraded 
fibrin surfaces. DOI:10.1074/jbc.M302780200.

[60] D. Szklarczyk, A. Franceschini, S. Wyder, K. Forslund, D. Heller, J. Huerta-Cepas, 
M. Simonovic, A. Roth, A. Santos, K.P. Tsafou, M. Kuhn, P. Bork, L.J. Jensen, C. von 
Mering, STRING v10: protein-protein interaction networks, integrated over the tree 
of life, Nucleic Acids Res (2015) D447–D452, https://doi.org/10.1093/nar/ 
gku1003. Jan;43(Database issue)Epub 2014 Oct 28. PMID: 25352553; PMCID: 
PMC4383874.

[61] J.L. Jenner, P.F. Jacques, L.J. Seman, E.J. Schaefer, Ascorbic acid supplementation 
does not lower plasma lipoprotein(a) concentrations, Atherosclerosis 151 (2) (2000 
Aug) 541–544, https://doi.org/10.1016/s0021-9150(99)00424-4. PMID: 
10924732.

[62] A.G. Bostom, A.L. Hume, C.B. Eaton, J.P. Laurino, L.R. Yanek, M.S. Regan, W. 
H. McQuade, W.Y. Craig, G. Perrone, P.F. Jacques, The effect of high-dose 
ascorbate supplementation on plasma lipoprotein(a) levels in patients with 
premature coronary heart disease, Pharmacotherapy 15 (4) (1995) 458–464. Jul- 
AugPMID: 7479198.

[63] D. Tousoulis, C. Antoniades, C. Tountas, E. Bosinakou, M. Kotsopoulou, 
P. Toutouzas, C. Stefanadis, Vitamin C affects thrombosis/fibrinolysis system and 
reactive hyperemia in patients with type 2 diabetes and coronary artery disease, 
Diabetes Care 26 (10) (2003 Oct) 2749–2753, https://doi.org/10.2337/ 
diacare.26.10.2749. PMID: 14514574.

[64] MohammedS Ellulu, Asmah Rahmat, Ismail Patimah, Huzwah Khaza’ai, 
Yehia Abed, Effect of vitamin C on inflammation and metabolic markers in 
hypertensive and/or diabetic obese adults: a randomized controlled trial, Drug 
Devel Ther 9 (2015) 3405–3412, https://doi.org/10.2147/DDDT.S83144.

[65] A.K. Bordia, The effect of vitamin C on blood lipids, fibrinolytic activity and 
platelet adhesiveness in patients with coronary artery disease, Atherosclerosis 35 
(2) (1980 Feb) 181–187, https://doi.org/10.1016/0021-9150(80)90083-0. PMID: 
7352955.

[66] A. Bordia, D.K. Paliwal, K. Jain, L.K. Kothari, Acute effect of ascorbic acid on 
fibrinolytic activity, Atherosclerosis 30 (4) (1978 Aug) 351–354, https://doi.org/ 
10.1016/0021-9150(78)90128-4. PMID: 568476.

[67] G.P. Van Guilder, G.L. Hoetzer, J.J. Greiner, B.L. Stauffer, C.A. DeSouza, Acute and 
chronic effects of vitamin C on endothelial fibrinolytic function in overweight and 
obese adult humans, J Physiol 586 (14) (2008 Jul 15) 3525–3535, https://doi.org/ 
10.1113/jphysiol.2008.151555. Epub 2008 May 22. PMID: 18499730; PMCID: 
PMC2538820.

[68] J. Cha, A. Niedzwiecki, M. Rath, Hypoascorbemia induces atherosclerosis and 
vascular deposition of lipoprotein(a) in transgenic mice, Am J Cardiovasc Dis 5 (1) 
(2015 Mar 20) 53–62. PMID: 26064792; PMCID: PMC4447075.

[69] M. Rath, L. Pauling, Immunological evidence for the accumulation of lipoprotein 
(a) in the atherosclerotic lesion of the hypoascorbemic guinea pig, Proc Natl Acad 
Sci U S A 87 (23) (1990 Dec) 9388–9390, https://doi.org/10.1073/ 
pnas.87.23.9388. PMID: 2147514; PMCID: PMC55170.

[70] N. Zhang, W. Zhao, Z.J. Hu, S.M. Ge, Y. Huo, L.X. Liu, B.L. Gao, Protective effects 
and mechanisms of high-dose vitamin C on sepsis-associated cognitive impairment 
in rats, Sci Rep 11 (1) (2021 Jul 15) 14511, https://doi.org/10.1038/s41598-021- 
93861-x. Erratum in: Sci Rep. 2022 Jan 28;12(1):1874. PMID: 34267240; PMCID: 
PMC8282649.

[71] H. Jo, D. Lee, C. Go, Y. Jang, N. Chu, S. Bae, D. Kang, J.P. Im, Y. Kim, J.S. Kang, 
Preventive effect of vitamin C on dextran sulfate sodium (DSS)-induced colitis via 
the regulation of IL-22 and IL-6 production in Gulo(-/-) mice, Int J Mol Sci 23 (18) 
(2022 Sep 13) 10612, https://doi.org/10.3390/ijms231810612. PMID: 36142515; 
PMCID: PMC9505994.

[72] M.P. McRae, Vitamin C supplementation lowers serum low-density lipoprotein 
cholesterol and triglycerides: a meta-analysis of 13 randomized controlled trials, 

J Chiropr Med 7 (2) (2008 Jun) 48–58, https://doi.org/10.1016/j. 
jcme.2008.01.002. PMID: 19674720; PMCID: PMC2682928.

[73] C.R. Hooijmans, M.M. Rovers, R.B. de Vries, M. Leenaars, M. Ritskes-Hoitinga, M. 
W. Langendam, SYRCLE’s risk of bias tool for animal studies, BMC Med Res 
Methodol 14 (2014 Mar 26) 43, https://doi.org/10.1186/1471-2288-14-43. PMID: 
24667063; PMCID: PMC4230647.

[74] I. Peluso, D.V. Villano, S.A. Roberts, E. Cesqui, A. Raguzzini, G. Borges, A. Crozier, 
G. Catasta, E. Toti, M. Serafini, Consumption of mixed fruit-juice drink and vitamin 
C reduces postprandial stress induced by a high fat meal in healthy overweight 
subjects, Curr Pharm Des 20 (6) (2014) 1020–1024, https://doi.org/10.2174/ 
138161282006140220144802. PMID: 23701571.

[75] N. Mikirova, J. Casciari, A. Rogers, P. Taylor, Effect of high-dose intravenous 
vitamin C on inflammation in cancer patients, J Transl Med 10 (2012 Sep 11) 189, 
https://doi.org/10.1186/1479-5876-10-189. PMID: 22963460; PMCID: 
PMC3480897.

[76] A.D. Gutierrez, E. Duran-Valdez, I. Robinson, D.G. de Serna, D.S. Schade, Does 
short-term vitamin C reduce cardiovascular risk in type 2 diabetes? Endocr Pr. 19 
(5) (2013) 785–791, https://doi.org/10.4158/EP12431.OR. Sep-OctPMID: 
23757614.

[77] I. Ferron-Celma, et al., Study of vitamin C administration effect on postoperative 
plasma IL-6 concentrations in septic patients after abdominal surgery, Abdom Surg 
95 (2012).

[78] S.G. Wannamethee, G. Lowe, A. Rumley, K.R. Bruckdorfer, P.H. Whincup, 
Associations of vitamin C status, fruit and vegetable intakes, and markers of 
inflammation and hemostasis, Am J Clin Nutr 83 (3) (2006) 567–574, quiz 
726–727.

[79] S.G. Wannamethee, K.R. Bruckdorfer, A.G. Shaper, O. Papacosta, L. Lennon, P. 
H. Whincup, Plasma vitamin C, but not vitamin E, is associated with reduced risk of 
heart failure in older men, Circ Heart Fail 6 (4) (2013) 647–654.

[80] P.R. Woodhouse, T.W. Meade, K.T. Khaw, Plasminogen activator inhibitor-1, the 
acute phase response and vitamin C, Atherosclerosis 133 (1) (1997 Aug) 71–76, 
https://doi.org/10.1016/s0021-9150(97)00115-9. PMID: 9258409.

[81] L.C. Chappell, P.T. Seed, A.L. Briley, F.J. Kelly, R. Lee, B.J. Hunt, K. Parmar, S. 
J. Bewley, A.H. Shennan, P.J. Steer, L. Poston, Effect of antioxidants on the 
occurrence of pre-eclampsia in women at increased risk: a randomised trial, Lancet 
354 (9181) (1999 Sep 4) 810–816, https://doi.org/10.1016/S0140-6736(99) 
80010-5. PMID: 10485722.

[82] J. Orbe, J.A. Rodriguez, A. Calvo, A. Grau, M.S. Belzunce, D. Martinez-Caro, J. 
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